INTRODUCTION
In the previous report (1) effects of chlorpromazine on the cell metabolism were investigated. It was demonstrated that chlorpromazine inhibited endogenous respiration of rat brain homogenate, glucose, pyruvate and glutamate oxidations, dehydrogenases, oxidative phosphorylation, cytochrome oxidase , and slightly D-alanine oxidase. In the present report effects of chlorpromazine on some enzymic reactions involving metal ions were studied.
MATERIALS AND METHODS
1) "Contomin" (Yoshitomi) was employed as chlorpromazine hydrochloride . DI-ionized water gained through ion exchange resins was used for solvent. All experiments were performed under the shelter from ultraviolet rays to have regard for protection of the decomposition of chlorpromazine by the rays.
2) Assay for the cytochrome oxidase :
The assay for the cytochrome oxidase was performed manometrically and spectro photometrically. The rat liver mitochondria was isolated by Hogeboom's method (2) .
In some cases rat brain homogenate was employed as the enzyme preparation. The homogenate was prepared by the same method described in the previous report (1) .
The rat brain was homogenized by Potter-Elvehjem's glass homogenizer, in Krebs Ringer phosphate solution with cooling , to give suspensions containing 100 mg tissue per 1 mi.
Green-brei was prepared following Green's method (3) . Rabbit heart muscle was washed with cold deionized water and homogenized in a mortar with a small amount of 0.05 M phosphate buffer, pH 7.5, followed by centrifugation for 5 minutes at 2900 r.p.m. The supernatant was made pH 5.2 by addition of 1 M acetate buffer, pH 4 .6, and centri fuged for 10 minutes at 3000 r .p.m. The precipitate was employed as a preparation of Mixture of 15 ml of 2 x 10-`M (supposing M.W. = 13000) cytochrome c which was prepared by Keilin-Hartree's method (4) from heart muscle of cattle, 15 ml of 0.1 M phosphate buffer, pH 7.0, and 30 ml of deionized water were shaken for 2 minutes with 0.1 ml of 1.2 M Na,S,04.
3) Assay for the catalase :
The assay for the catalase was performed by the method of Euler and Josephone (5).
The human blood corpuscles were washed three times with 0.85% NaCI to remove the plasma. They are laked by addition of 500 times the volume of deionized water. They were employed as the catalase preparation. Four ml of 0.5% H,O, solution, of which pH was adjusted by 6.6 x 10' M phosphate buffer, was pipetted into a 100 ml Erlenmeyer flask, and 0.5 ml of the catalase preparation were added. Five to 20 minutes later 5 ml of 10% H,SO, were added. The amount of HO, was determined by the titration with 0.1 N-KMnO,.
4) Assay for the ascorbic acid oxidase :
The assay for the ascorbic acid oxidase was performed by the modification of Dowson's report (6) . The rinds of a pumpkin were minced in a meat grinder and squeezed with 0.5% gelatin by hydraulic pressure. The juice was removed and employed as the l-ascorbic acid oxidase preparation . The activity was determined manometrically by the oxidation of l-ascorbic acid at 25°C and atomospheric condition .
5) Assay for the homogentisicase :
The assay for the homogentisicase was performed by the method of Suda and Takeda (7) . The 10°% guinea-pig liver homogenate was heated at 55'C. The supernatant was employed as the homogentisicase preparation . The homogentisicase activity was deter mined manometrically with homogentisic acid as substrate at 37 .5°C with air as the gas phase.
6) Determination of ferric and ferrous ions
For the determination of ferric ion in a sample solution , which was a mixture of chlor promazine and FeCl" optical density was measured at 455 mp, 20 minutes after the addition of 1 ml of 0.7% (NH4)CNS to 4 ml of the sample solution .
One hour after the addition of 1 ml of 0 .1% o-phenanthroline to 4.0 ml of the sample, optical density was measured at 510 mpc for the determination of ferrous ion . The results are shown in Table 1 .
Diminution of the inhibition was demonstrated proportionally by the concentrations of FeCI,. Each flask contained the following : 0.3 ml of 10% brain homoge nate ; 0.7 ml of Krebs-Ringer phosphate ; 0.5 ml of 0.1 M p-pheny lenediamine ; 0.5 ml of chlorpromazine and FeCI,-6H20 in the side arm (0.5 ml of deionizoci water was added to control flask). Con ditions were the same as listed in Fig. 2 . Each flask contained the following : 0.3 ml of 10%%% brain homogenate ; 0.2 ml of Krebs-Ringer phosphate buffer ; 0.5 ml of 0.1M p-phenylenediamine ; two drugs' con centration as shown, in each side arm (0.5 ml deionized water was added to control flask). Conditions were the same as listed in Fig. 2 .
Curve A : control Curve B : 2.5 x l0-3M glutathion Curve C : 5 x 10-'M chlorpromazine Curve D : 5 x 10-4M chlorpromazine + 2.5 x l0-sM glutathion Glutathion did not diminish the inhibition of chlorpromazine as shown in Fig. 6 .
2) Catalase :
Catalase activity was indicated by the decomposition per cent of HA in Fig. 7 . Chlor promazine inhibited the catalase activity and the inhibition was increased proportionally by the concentration of chlorpromazine.
3) Ascorbic acid oxidase :
The ascorbic acid oxidase preparation revealed neither the oxygen consumption nor cysteine oxidation. Autoxidation of l-ascorbic acid was negligible.
Thus it was reasonable to say that this preparation added 1-ascorbic acid has indicated the enzyme activity.
Chlorpromazine did not inhibit the enzyme activity at high concentration as 2 x 10' M _,F KCN showed the inhibition (Fig. 8) . The mixture of chlorpromazine and FeCl, revealed a pink coloration possessing an absorption maximum at 525 mp, as shown in Fig. 10 . In this mixture production of ferrous ion was demonstrated as shown in Table 2 . So the following quantitative determination was performed at a lower concentration of the mixture. Further observations were performed on the relationship between reactions of chlor promazine to metal ions in vitro and inhibition effect of chlorpromazine on enzymes. Ascorbic acid oxidase was employed for Cu-enzyme and homogentisicase, Fe"'-enzyme.
Both of two enzymes were not inhibited by chlorpromazine at a concentration of 2 x 10-'M.
Seibert (8) reported that cytochrome oxidase was inhibited by SH-inhibitors. Gluta thion had no influence, however, on the cytochrome oxidase inhibition of chlorpromazine.
Furthermore, homogentisicase, which was sensitive to SH-inhibitors, was not inhibited by chlorpromazine. Thus chlorpromazine would be more sensitive to another site of the enzyme than SH-group.
In the previous report, it was reported that chlorpromazine inhibited the cysteine oxidation with Fe" as a catalyst, but not Cu` as a catalyst.
These results were summarized on Table 3 . Chlorpromazine reacted on Fe"-" in vitro, but not on Fe' and Cu"'. Chlorpro mazine inhibited cytochrome oxidase of which main mechanism was the electron transfer due to Fe+++Fe+++ Chlorpromazine, however, did not inhibit homogentisicase which was concerning only Fe", and ascorbic acid oxidase of which active center possessed Cu".
These results indicate that chlorpromazine attacks Fe+++ in the reaction (Fe+++Fe+++) of the cytochrome oxidase.
Catalase was also inhibited by chlorpromazine. Concerning the mechanism of catalase action, Keilin and Hartree (9) reported that the main principle reaction, Fe++++Fe++'
was the same as that of cytochrome oxidase, and Lemberg et al. (10) reported that the major factor was Fe***. In either case, this hypothesis concerning the enzyme inhibition of chlorpromazine was supported by the inhibition activity of chlorpromazine on catalase. SUMMARY 1.. The inhibition effect of chlorpromazine on cytochrome oxidase was reversed by dialysis of chlorpromazine with enzyme preparation.
2. The inhibition was decreased by FeCl, but not glutathion. 3. The production of ferrous ion and the diminution of ferric ion were demonstrated in the mixture of chlorpromazine and FeCI,.
4. Chlorpromazine inhibited catalase but not homogentisicase and ascorbic acid oxidase.
5. These results suggest that chlorpromazine attacks Fe" in cytochrome oxidase reaction (Fe+++Fe+++) 
